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Antioxidant Activities of Agaro—oligosaccharides
in AAPH-induced Zebrafish Model
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Abstract: In order to further realize the high value utilization of agaro— oligosaccharides ( AOS) , antioxidant activities and
mechanisms of AOS,2,2-azobis(2-methylpropylimidazole ) dihydrochloride ( AAPH) —induced zebrafish model were studied.
The composition of AOS was determined by HPLC.The optimal AAPH induced zebrafish oxidative stress model was established
and the antioxidant activities of AOS with different concentrations were investigated by determination of embryo survival rate,
reactive oxygen production rate, and cell death rate. The results showed that AOS was mainly composed of agarobiose
(51.60% ) ,agarotetraose(28.40% ) and agarohexaose (14.50% ).Zebrafish embryos with AOS concentration below 200 wg/mL
had no teratogenic and lethal toxicity. AOS(25,50,100 wg/mL) had a protective effect on oxidative stress induced by AAPH
(15 mmol/L)in a dose - dependent manner. The optimal concentration of 100 pwg/mL AOS could significantly increase the
survival rate of zebrafish embryos(96.88% ,p <0.05) , and could significantly reduce the reactive oxygen species production
rate (100.53% ,p <0.05) and cell death rate(101.69% ,p <0.05) of AAPH-induced zebrafish.In this study,the zebrafish model
was used to reveal for the first time. AOS had antioxidant activity in vivo by eliminating a large number of reactive oxygen
species( ROS) production and preventing cell death and injury,which provided a theoretical basis for the application of AOS as
a health food.
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1.1 RS S

JAREETA: AB RBES . Hh EVE R AR R A
B B2 2R 2R W2 S e & R AL 5 BUle (FREUEURL S VT
BEIEAE) fm@EF kiR A R A
AAPH DCFH-DA I g =] FE sigma 2
Al SUAR AN SHAL BT A A5 B TR BE L I Y L L R
Mg SrArel, b E 24 E A2l E IRA W 3
BE O BoSBE H AR Takara Bio Inc 24 F] .

Agilent 1260 11 & AH 354X 36 EZHE(E A A ;
Thermo BioBasic SEC — 120 {4, 3% #£ (300 mm x
7.8 mm) ZE[E Thermo 4\ ] ; SPX—-100B-Z %A= {1k 3%
FeRh B IR S L A R Rl SZ61 44 2 W i
BE HABLMREIT ; DMI 6000B {5 & 5 ' i fds 12
Leica 2\ 7] ; FA2004B HF R iR IE KL
A R E] s Milli Q Zli7KHL 3R o 25 #5206 =5 i
£ () AR F;FD5-2.5 B Tl dbs 4
PO 28 A R &l 88 5 fa 4 3 sh 6 3F 37 48 &
gt At EAERHERIEAIRAFE .

1.2 LWHE

1.2.1 A0S Byl %5  AOS By £5 07 ¥ 2 2% R g 5
EPTHIETE . ¥ 5 g BUKKS AR B 100 mL 0.5 mol/L
FYERFR TP e RE S 5], IR EE 100 C 46 N X 3 h
Ja , I 5 g B AR 4R L AE 100 °C /K fE SN 3 ho
NG RG , KK B = I E =R 5 S G+
(URPEE : =55 C;B[A]:48 h; JRiH: <1.33 Pa) .

1.2.2  AOS i5rlsaE  FRE 0.05 ¢ R FRy A 1 mL
F B TFIOKE e, FH S O 23 1 T 2 JEG Lb 45 AR
2H 5%, t43% 4% & Thermo BioBasic SEC—120 {4341, £
25 A7 7= 25 A ARSI, 933>k 0.5 mL/min, % 2 4H
S 40% W, A5 FH RS AL A 00 B 00 L St DB RN 35S
B (R 5 mg/mL) YEFRAE S XTHI 1 AOS 47 € P
S3AT , AR HE A T (] A T AR LA A SR A AOS 1Y
ZH % LA

1.23 BES s MRk TS MaEFRET 2 A
BB R G, 2 18 Westerfield ™ 597774 3558 577,
(26 £1) COKMEE, SCEWIN R 14 h/ B 1KE 10 h 22
AT, B A DA — 8 & i) F AR MR (pa ) 1 5 e 5
At [R] A AR MR — K o 52 56 PR i P fidt S5 O s 3 5 £ [
SRACHEARAS . WEE 300~400 MR G T T4 B 3= ML
I RE BRHEM A (4= 0T B AR 3205 IR iR, 0 ARG 55 52 W
(10% NaCl,0.3% KC1,0.3% CaCl,,0.79% MgSO,,
0.1% W LS 58 7 (28.5 £ 1) CHEIRIEFRAE T
B35 7~9 h,

1.2.4 JRfiagh2y  THESZRE HRE 3 7~9 hpf(hours
post fertilization , 3Z4& /)N ) [R] B 300 (%) B 5 £ iR iy, 2
A 24 FLAMaIEFRMR T, BAL 15 MOWAG , Bk B8 B 9%
WG ARPR LIS BT, LA B A TG 55 58 WO R
i AOS 3% ¥4 (25 .50.100 150,200 400 pg/ml.) &,
AAPH %547 (10 15 .20 .25 30 mmol/L) , 4fi ifs i %
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LA R & AR P SRR R N 40 i AE
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1.2.8.1 BEI A RMIMME R IERG T HRTH
WA T SR IR & B ROL , 18 % FF K B B A0
TR (FET- G & L, e T4 Je.n ik, H R
Po) Gt ie & & & 3 dpf B HH 45 FL 4 f AT SR
BN R EF ARG (AE1E 3 =3 dpf A7 16 DH 4%, 1E
HAREAE =3 dpf 1IEHNE B0 .
1.2.82 A& P9 WG M AR 2R B SRR 41 B SE TS R AR
M 3 dpf BFHA, iAWY BERE 5, DCFH-DA 55 %¢ Y%
7, F 28 CHE:FRA P #OCIFEE o 5 H = E BRI
WREE & 40, T 2800 Ak B F gk 286 R/, IF
Image J #1537 GEiTARXI DGR . RPILIRESET
SRR BEAE YL 0 f5 45 2 L DO GHIR R 5 25 N 9O GR
Z WA TS AR NS PR A 7= 4 DA DCFH-DA 3t {5,
DR 5 a5 AP ERE Z Lt T 4e T
1.3 HHEST

AR EADEE =W, 555 M £SD %
7, il 4T one—way ANOVA X S286 45 W $E47 S i 2% 43
AT, 18 2 B W Turkey K6 36 43 B 52 56 25040 18] 1Y) 22
Fetk. FroR &5 R th, p < 0.05 H Wy BoA WM
EL
2 RGN
2.1 AOS B4R

A il AOS [ = A AE (i DL IRl 1, 25 SRR,
& AOS AR R A E I EIR G Y, FE 25
OB BU LY OBE R B S OBE, 5 Lk 43 S S 51.60%
28.40% 14.50% ., VR T WX B 0 Bt U AR L B
FSHESYES alifb S, 43 S S T A K OST 1 B A fk
WP, G5 R R AT TIR G W iE R T —
HAPIE . PRI, AT SC L R & 4lifh i A0S 1R & kR
s AR SR BIF 5T 3 52, 4 9% H AR BE I AR Y 1Y B AR
W
22 AAPH ZEEMO&IUERRL
2.2.1  AAPH 5 5 vk B 5T BE D 6 R IR A7 06 R B 15
m o ANE 2A R, SRR E R ) AAPH R T

288 20194 50441

Thonw

3000
2500
2000
=]
= 1500
=
1000
500
0

0 25 5 7.5 10 125 15 17.5 20 22.5
I A
K1 B AOS BYHAT (i &)

Fig.1 HPLC spectrogram of the prepared AOS
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2.2.2  AAPH 5S¢ B X B 5 40 & fa AR P A AR N 3
KRR B S g A 7RI P R AAPH 5 S
J& 14 22 6 K I &5 K an 3 Fa 4, g5 R KW,
15 mmol/L. AAPH 555 B 5 £ I i 7T & 25 32 v Ho 4l
fa A N AR KT (p <0.05) , 525 g L,
WEME PR A KB s 109.37% , 41 L FE T 2 Tl ik
121.43% , 5 T 10.20 mmol/L. AAPH 7 5 2| i 14 1o
EALN TR, i, R sL 5 e £ e 15 mmol/L
AAPH IR EIHITEARISE S, ERMUHKES Kim
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Fig.3 Effect of AAPH-induced concentration

on the reactive oxygen species production rate in vivo

2.3 AOS H&iEHy

2.3.1 AREHE A0S Xif Bt 5 £ W IG5 7706 & 5 5
M AR S R M B AR B (50,100,200 400 pg/mlL)
AOS HATRE I & AN 5 pr7n. 50,100,
200 wg/mL AOS % BT R i 15 Jo s s E B 8,
T = e B 400 g/ ml AOS X5 5yt IE G A AR 1 75
P, 52 X IBAHIL 22 57 3 (p <0.05) , AT 3
FARZE 93.33%

232 R[EIHEE AOS Xt B D £ 40 14 PN A A0 N 87Kk
SErg gz nE 6 (B 7, 545 A DL AIRH EE AOS
20 ( <200 pg/mL) AH L ,400 pe/ml AOS & B4 e T
BE I fa 4 U PN I A B AE T 3R (113.94 % ) FlTE PE 4
R 3 (123.09% ,p <0.05) , 1AM, 200 pg/mlL
AOS % BT fa I ity B JC 80y BOEAEH (E 5) (B
A5 AR LE (B 6) 122k BT B I £ 4y £ A4 PN 93 4 4
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Fig4 Effect of AAPH-induced concentration

on the cell death rate in vivo
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Fig.5 Effect of AOS concentration

on survival rate of zebrafish embryos

H SRR R B 2 AR5 (103.93% ) , R I
R 55 1 A AR B AR . IR e TT HE I, AR T
200 g/ mL¥e ) AOS X B I 40 JC IR i 3 455 Fl 481k
HREL, TR RIS M 1 22 A B2

Wijesinghe 2% % 3 4T %% V1. 3% J& ( Laurencia
snackeyt) 3 IE Y JF 5 — Hydroxypalisadin B X B &
ta 4yt AL BT RE T, ST R M BE N S g/ mL
Ak s AT e 2 R v B A G O AR PN B AR I AE T 3R, R
Az i S A IS N, T AR SE 5 400 g/ mL AOS
RS MR A AL TS A& (p <0.05) , 3R
AOS AN RE RS , AT S
2.4 AOS iFMSiFM
24.1 RFEME A0S X AAPH 75 S 19 BE & i iR iG 17
RN & 8 FIAN, 5 X FRLAH b, &5k A
AOS Xf AAPH 755 19 BE ©h £ S AL 51405 g R B0 1 I =25
EVER (p <0.05) , Hp 25 50,100 pg/mL AOS Fi
WEHE JE , BES A7 R 70 % 1)t AR 53 5 £
= & 80.00% .90.00% .96.88% ., H.Eefl AOS U & Hy
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Fig.6 Effect of AOS concentration on the
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reactive oxygen species production rate in vivo
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Fig.7 Effect of AOS concentration
on the cell death rate in vivo

100 pg/mL, ZiZHEE AOS T H f5 , B & f 17 1% %
HEHHTLRE 2R (p >0.05)
242 RN[FEIUEE AOS XF AAPH 175 S 10 BE L fo 4)) fo {4
WAL BOKF-RYSZ0E BT 15 mmol/L AAPH 45
25 B B £ IR iR, 8 5 5 0 S0 Ak 3 45 SE TS R
30% ity . HHE 9 1,32 AAPH 5 3 I A 15 I IR
BB #) 3 dpf 4y i RG], AR Y A MRS A
A REGOR A2 AAPH 55 1 235 4L 75 35 T
(108.87% , p < 0.05); 1w T W & AOS (25,50,
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Fig.8 Effect of AOS on survival rate of
AAPH-induced zebrafish embryos
T+ B2 25 5 - RIRTIIAR 45 25, 11 9~ &1 10 [A]

100 we/mL) J5 , FHAR PN A 3% P 40 A i i A il 3850
R ASPE B R [ (106.62% ,102.81% ,100.53% ) , H. 24
AOS ¥R 100 weg/mL B, HAR PN 16 P4 A il Ak
A R R 25 L 4 T i 3 M 25 5+ (100.53% ,p > 0.05)
TFEE 150 wg/mL AOS If, RNAEREAK AAPH 5551
AT AE Yk 22 08 P A, HLHGIR 00 T B B fa 4 A A Iy
WP A AR 109.28% , Wi T4 AAPH 5541,
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T .
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Fig9 Effect of AOS on the reactive oxygen species production
rate of AAPH-induced zebrafish in vivo
BECh 63 dpf 1301 FF IV 5 K 566 77 375 40 £ 398 47 200
MZET- % e rE Qe an ¥ 10, 5 25 240 HH L, A
AAPH 55 20 HOAH i FE T3 W 35 M ok w5 (120.37% ,
p <0.05) , 5256 v F9E F 45 W A0S (25,50, 100,
150 pg/mL) REAR Tt AAPH A6 4055 RS 1) 200 it
SET=A, Ak, 25 .50 100 g/ mLAOS b & 5 o
fa i iy, BE R B ORI M B i AAPH 51 5E B9 v 20
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RN AET RS 25 (A JC i P25 (p >0.05) Tl
RE R 150 wg/mL AOS i, B D5 £ 4 11 {4 P 44 i 6
T34 100 g/ mL ¥ 2H (101.69% ) HE i 351 19 T
H(107.94% ) . EELEG 4 ik — 4 2B 100 pwg/mL
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Fig.10  Effect of AOS on cell death rate of
AAPH-induced zebrafish in vivo

DL SRR A IR T — W ER) A0S HA R
BT ARTE M, HIRAAU DT AL 100 pg/mlL,
X —ZERAE T Kim 25 0 P ] — A58 BT 55 11 48 A
AT A AL A (200 pg/mL) o H b Al UL, AOS
HIPTEALT MR = , BA BRI AN T ST 5 o
3 Hit5irie

AHFFEALAL T AAPH 5 3 3 5 £ 46 1k 0 SR
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